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ILLUMINATION APPARATUS WITH LIGHT
GUIDE PROVIDED BETWEEN LINEARLY
ARRANGED LIGHT SOURCES

BACKGROUND
1. Technical Field

The present disclosure relates to a plant cultivation appa-
ratus that performs cultivation of a plant using light which
1s emitted from a plurality of light sources.

2. Description of the Related Art

A plant cultivation apparatus 1s disclosed, for example, 1n
Japanese Patent Unexamined Publication No. 2015-119660
(PLT 1).

SUMMARY

A plant cultivation apparatus includes an 1lluminator, and
a light guide member.

The 1lluminator includes a first light source and a second
light source which are arranged 1n series.

The light guide member 1includes a first light receiver, a
light emitter, and a second light receiver, and 1s disposed to
cover at least a portion of a non-light emitting portion
between the first light source and the second light source.

In the light guide member, the first light receiver, the light
emitter, and the second light receiver are disposed in this
order.

The first light receiver receives a first light which 1s
emitted from the first light source, refracts and outputs the
first light toward the light ematter.

The second light receiver receives a second light which 1s
emitted from the second light source, refracts and outputs
the second light toward the light emitter.

The light emitter receives the first light and the second
light, refracts and 1rradiates a plant cultivation space facing
the non-light emitting portion with the first light and the
second light.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a plant cultivation
apparatus according to Exemplary Embodiment 1 of the
present disclosure;

FI1G. 2 1s a diagram 1llustrating 1lluminance distribution of
a fluorescent lamp 1n a configuration of the related art;

FIG. 3A 1s a schematic side view of the plant cultivation
apparatus according to Exemplary Embodiment 1 of the
present disclosure;

FIG. 3B 1s a plan view of a light guide member 1n the
plant cultivation apparatus according to Exemplary Embodi-
ment 1 of the present disclosure;

FIG. 3C 1s a plan view illustrating a disposition relation-
ship between the light guide member, a fluorescent lamp and
a plant 1n the plant cultivation apparatus according to
Exemplary Embodiment 1 of the present disclosure;

FIG. 3D 1s an explanatory diagram for describing a
principle of light guide by the light guide member of the
plant cultivation apparatus according to Exemplary Embodi-
ment 1 of the present disclosure;

FIG. 4A 1s a schematic plan view of a light guide member
in a plant cultivation apparatus according to Exemplary
Embodiment 2 of the present disclosure;
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FIG. 4B 1s a schematic side view of the light gumde
member in the plant cultivation apparatus according to
Exemplary Embodiment 2 of the present disclosure;

FIG. 4C 1s a sectional side view of an LED 1n a longitu-
dinal direction 1n order to describe a disposition relationship
between the light guide member and the LED 1n the plant
cultivation apparatus according to Exemplary Embodiment
2 of the present disclosure; and

FIG. 4D 1s a sectional side view of a semi-cylinder shape
in a direction orthogonal to an axis i order to describe a
principle of light guide by the light guide member 1n the
plant cultivation apparatus according to Exemplary Embodi-
ment 2 of the present disclosure.

DETAILED DESCRIPTIONS

In a configuration of the related art, there 1s a case where
a variation of a light quantity 1s generated within a cultiva-
tion region.

Heremafiter, exemplary embodiments of the present dis-
closure will be described with reference to the drawings.

Exemplary Embodiment 1

FIG. 1 1s a schematic diagram of a plant cultivation
apparatus according to Exemplary Embodiment 1.

A plant cultivation apparatus includes illuminator 100,
and light gmide member 101. Illuminator 100 includes first
light source 100-1 (first artificial light source), and second
light source 100-2 (second artificial light source). The plant
cultivation apparatus performs cultivation of a plant which

1s disposed 1n a plant cultivation space, using light L1 (see
FIG. 3D) which 1s emitted from first light source 100-1, and

light L2 (see FIG. 3D) which 1s emitted from second light
source 100-2. In Exemplary Embodiment 1, two light
sources are illustrated as an example, but three or more light
sources may be used.

In FIG. 1, an 1illustration of a device configuration other
than a configuration according to the present disclosure,
such as a cultivation bed or a cultivation shelf which 1s
disposed 1n the plant cultivation space 1s omitted. However,
the plant cultivation apparatus according to the present
disclosure 1s not specifically 1llustrated, but the plant culti-
vation apparatus according to the present disclosure may
include an air conditioner that 1s capable of optionally
controlling a temperature, humidity, and a concentration of
CQO.,, a nutrient solution controlling apparatus that controls
a condition of a nutrient solution or the like, the cultivation
bed through which the nutrient solution is circulated, and the
like. The plant cultivation apparatus controls a cultivation
environment to make a suitable environment 1n accordance
with plant 103 to be cultivated.

[uminator 100 1s formed of a plurality of light sources
(first light source 100-1 and second light source 100-2), and
first light source 100-1 and second light source 100-2 are
adjacent to each other to be arranged 1n series. For example,
cach of the plurality of light sources 1s formed of a straight
tube type light source such as a fluorescent lamp or a light
emitting diode (LED). First light source 100-1 and second
light source 100-2 cultivate plant 103 by 1rradiating plant
103 which 1s planted 1n cultivation plate 102 of the plant
cultivation space with the light.

For example, a length of first light source 100-1 or second
light source 100-2 of 1lluminator 100 1s 1280 mm which 1s
the same as the length of the general straight tube type
fluorescent lamp. As an example, 1lluminator 100 1s installed
in a ceiling of a rectangular parallelepiped cultivation space
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which 1s 2750 mm 1n length, 1s 750 mm 1n width, and 1s 300
mm 1n height, and first light source 100-1 and second light
source 100-2 are provided at an interval of 190 mm from a
center of the ceiling of the cultivation space.

[llumination tool attaching socket 1004, which 1s used in
order to be attached to an i1llumination tool, 1s attached to
socket portion 1005 of each tip of first light source 100-1 and
second light source 100-2. Since socket 100a and socket
1006 do not emit the light by themselves, a light quantity 1n
the cultivation space in the vicinity of socket portion 1005
1s lowered.

FIG. 2 1s a diagram 1illustrating 1lluminance distribution
(light quantity) of a fluorescent lamp 1n a conﬁguratlon of
the related art. In a case the fluorescent lamp 1s used for
illuminator 100, there are electrodes 1n a fluorescent tube of
the fluorescent lamp. As illustrated in FIG. 2, for example,
the light quantity becomes small 1n a range of approx1mately
10 cm from a tip portion (that 1s, a position of O cm) of the
fluorescent lamp.

Table 1 illustrates the light quantity in the configuration of
the related art in which there 1s no light guide member 101.
In Table 1, the fluorescent lamp 1s used for 1lluminator 100,
a range which 1s up to 10 cm toward a center portion from
the tip of the fluorescent lamp 1s defined as an 1llumination
tip portion, and other ranges are defined as an 1llumination
center portion. The light quantity in each range 1s measured
using Light-MeterLI-250A of a light quantum flux density
meter which 1s manufactured by Li-COR, Inc. The light
quantities are measured, respectively at the time of no
cultivation, at the time of raising seedling, and at the time of
harvest. Table 2 illustrates results obtained by measuring a
weight of the plant 1n the configuration of the related art in
which there 1s no light guide member 101, respectively at the
time of no cultivation, at the time of raising seedling, and at
the time of harvest. The light quantity 1s displayed at the rate
to the light quantity of the 1llumination center portion which
1s set to be 100. The weight 1s displayed at the rate to the
weight of the plant in the i1llumination center portion which
1s set to be 100.

As a measurement condition, in a case where plant 103 1s
not cultivated (displayed as “no cultivation” in Table 1 and
Table 2), a measuring device 1s installed on cultivation plate
102, whereby, measurement 1s performed. At the time of
raising seedling finish of plant 103, and at the time of harvest
of plant 103, the measuring device 1s 1nstalled 1n a tip portion
of plant 103 such that the measuring device heads upwards
in a vertical direction of a measurement surface, whereby,
the measurement 1s performed. A distance between the
measurement surface and illuminator 100, respectively, 1s
300 mm at the time of no cultivation, 1s 200 mm at the time
of raising seedling finish, and 1s 100 mm at the time of
harvest.

In Table 1, the light quantity of the 1llumination tip portion
1s lowered as plant 103 1s grown such that the light quantity
of the i1llumination tip portion, respectively, 1s 85 at the time
of no cultivation, 1s 75 at the time of raising seedling, and 1s
56 at the time of harvest. Therefore, a difi

erence between the
illumination center portion and the i1llumination tip portion
in light quantity becomes large. In Table 2, the weights of
cach plant at the time of raising seedling and at the time of
harvest at this time are 78 on average at the time of raising
seedling (this 1s an average value 1n a case of the number N
of plants=8), and 1s 65 on average at the time of harvest (this
1s an average value 1n a case of the number N of plants=4).

In a case where the conditions other than the 1llumination
are the same, the weight of plant 103 1s proportional to an
integrated light quantity for a cultivation period. The inte-
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grated light quantity of the illumination tip portion 1s 80 at
the time of raising seedling, and 1s 66 at the time of harvest.
The weight of the plant in the illumination tip portion 1s 78
at the time of raising seedling, and 1s 65 at the time of
harvest. Thereby, it 1s possible to confirm a correlation
between the integrated light quantity and the weight. Here,
a lettuce 1s cultivated, as an example of the plant.

TABLE 1

Integrated light

Light quantity at Light quantity at quantity at
illumination illumination tip  illumination tip
center portion portion portion/day
No cultivation 100 85 —
At the time of 100 75 80
raising seedling
At the time of 100 56 66
harvest
TABLE 2
Weight of illumimnation  Weight of illumination tip
center portion portion
No cultivation — —
At the time of 100 78
raising seedling
At the time of 100 65

harvest

In the related art, 1n a case where a yield rate of the weight
1s secured under such a condition, the number of cultivation
days, an 1rradiation period of the illumination, or the like
which 1s necessary for the weight of the plant in the
illumination tip portion to be a predetermined weight or
more 15 set such that the weight of the plant 1n the 1llumi-
nation tip portion of which the weight becomes small 1s a
predetermined weight (1n other words, a minimum necessary
weilght at the time of harvest) or more. However, 11 so, since
the light quantity of the 1llumination center portion becomes
too large, the weight of the plant 1n the 1llumination center
portion at the time of harvest becomes larger by 40% or
more.

In that case, the plant becomes too large, whereby, dis-
coloration of leaves 1s caused, or the plant becomes too large
than a package which is used at the time of shipment. As a
result, there 1s a problem 1n that a time-consuming job such
as a job of removing extra leaves 1s generated.

Theretore, the cultivation environment 1s made be
homogenous as much as possible, whereby, it 1s possible to
solve the problems. In the present disclosure, the configu-
ration thereof 1s made such that the light quantity of the
illumination center portion and the light quantity of the
i1llumination tip portion are homogenized, by disposing light
guide member 101. Heremafiter, the configuration will be
described 1n detail.

FIG. 3A 1s a schematic side view 1llustrating the vicinity
of light guide member 101 of the plant cultivation apparatus
according to Exemplary Embodiment 1, 1n a case where the
fluorescent lamps are used for first light source 100-1 and
second light source 100-2 of i1lluminator 100. FIG. 3B 1s a
plan view of light guide member 101. FIG. 3C 1s a plan view
illustrating a disposition relationship between light guide
member 101, first light source 100-1, second light source
100-2 and plant 103. FIG. 3D 1s an explanatory diagram for
describing a principle of light guide by light guide member
101. Here, each portion of oblique lines 1n FIG. 3B to FIG.
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3D 1s not cross-hatching, but 1s assigned in order to dis-
criminate a light emaitter, a light receiver, and a light guider.

In FIG. 3A to FIG. 3D, light guide member 101 1s used in
the plant cultivation apparatus that performs the cultivation
of plant 103 using light L1 (see FIG. 3D) which 1s emitted
from first light source 100-1 and light .2 (see FIG. 3D)
which 1s emitted from second light source 100-2. Light
guide member 101 1s disposed above first light source 100-1
and second light source 100-2 which are adjacent to each
other among the plurality of light sources with gap 130 with
respect to first light source 100-1 and second light source
100-2. Furthermore, light guide member 101 1s disposed to
straddle first light source 100-1 and second light source
100-2, and to cover at least a portion of first light source
100-1 and at least a portion of second light source 100-2.
Light guide member 101 1s disposed along a longitudinal
direction of first light source 100-1 and second light source
100-2. That 1s, the longitudinal direction of light guide
member 101 1s matched up with the longitudinal direction of
first light source 100-1 and second light source 100-2.

As 1llustrated 1 FIG. 3A, light guide member 101 1s
disposed with gap 130 above gap 131 between first light
source 100-1 and second light source 100-2.

For example, light gmide member 101 1s a rectangle-
shaped member, which has a form of a transparent and thin
board, and includes first light receiver 111, second light
receiver 112, light guider 101a, and light emitter 1015. In the
longitudinal direction of light gmide member 101, first light
receiver 111 1s disposed to be connected to one end side of
light emitter 1015 through light guider 101a. Second light
receiver 112 1s disposed to be connected to the other end side
of light emutter 10156 through light guider 101a. For
example, light gmide member 101 1s configured to be integral
by a transparent resin having light-transmitting properties
such as an acrylic resin.

In FIG. 3D, first light receiver 111 1s formed of a prism,
and exhibits the following actions. First light receiver 111
receives first light L1 which 1s emitted upwards from first
light source 100-1 1nto first light receiver 111, 1n a direction
intersecting with the longitudinal direction of light guide
member 101. That 1s, first light receiver 111 receives first
light L1 from first facing surface 111a which faces first light
source 100-1. In more detail, first light receiver 111 receives
first light L1, 1n a region that 1s from at least the center
portion 1n the longitudinal direction of first light source
100-1 up to an end portion of first light source 100-1 which
faces an end portion of second light source 100-2. In first
light receiver 111, received first light L1 1s refracted, is
output toward light emitter 1015 along the longitudinal
direction of light gmide member 101, and 1s sent to light
emitter 1015. For example, a planar shape of first light
receiver 111 1s a shape that 1s tapered toward light emaitter
10156. As an example, the planar shape of first light receiver
111 1s configured by arranging two substantial 1sosceles
triangles which are formed such that a base side 1s disposed
in the center portion 1n the longitudinal direction of first light
source 100-1, and a peak 1s disposed 1n the vicinity of light
emitter 1015 1n parallel (that 1s, as an oblique lined region
on a left end side 1n FIG. 3B).

In the same manner, second light receiver 112 1s formed
of a prism, and exhibits the following actions. Second light
receiver 112 receives second light L2 which 1s emuatted
upwards from second light source 100-2 i1nto second light
receiver 112, in the direction intersecting with the longitu-
dinal direction of light gmide member 101. That 1s, second
light receiver 112 receives second light L2 from second
tacing surtace 112a which faces second light source 100-2.
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In more detail, second light receiver 112 receives second
light L2, 1n a region that 1s from at least the center portion
in the longitudinal direction of second light source 100-2 up
to the end portion of second light source 100-2 which faces
the end portion of first light source 100-1. In second light
receiver 112, recerved second light 1.2 1s refracted, 1s output
toward light emitter 1015 along the longitudinal direction of
light guide member 101, and 1s sent to light emitter 1015.
For example, the planar shape of second light receiver 112
1s a shape that 1s tapered toward light emitter 1015. As an
example, the planar shape of second light receiver 112 1is
configured by arranging two substantial 1sosceles triangles
which are formed such that the base side 1s disposed 1n the
center portion 1n the longitudinal direction of second light
source 100-2, and the peak 1s disposed 1n the vicinity of light
emitter 1015 1n parallel (that 1s, as an oblique lined region
on a right end side 1n FIG. 3B).

As an example of the substantial 1sosceles triangle of first
light recerver 111 (or second light receiver 112), as viewed
from above 1n an installed state (that 1s, 1n a case of a planar
view), the 1sosceles triangle 1s configured by total three
points of two points of center point 100e of illuminator 100
and one point of point 100/ 1n the end portion of an electrode
portion, as illustrated 1n FIG. 3C. In this case, for example,
first light recerver 111 (or second light receiver 112) 1s a
substantial 1sosceles triangle of which the base side 1s 1080
mm, and the height 1s 12.5 mm.

As a planar shape of light guider 1014, the planar shape
1s configured by two trapezoid shapes of which the base
sides are connected to each other. Fach base side of the
trapezoid shape, and the base side of two substantial 1s0s-
celes triangles of the light receiver are connected to each
other in an overlapped manner. That 1s, light guider 101a 1s
configured as a portion (that 1s, a white background region
in FIG. 3B) other than first light receiver 111, second light
receiver 112, and light emitter 1015. Light guider 101a
guides first light .1 and second light .2 which are respec-
tively recerved from first light recerver 111 and second light
receiver 112, toward light emaitter 1015.

Light emitter 1015 1s disposed at the center of light guide
member 101, and has third facing surface 101¢ which faces
an upper portion of one end portion of first light source
100-1, and an upper portion of one end portion of second
light source 100-2. First light .1 and second light .2 which
are transmitted through light guider 101q after being respec-
tively recerved from first light recerver 111 and second light
receiver 112, and being refracted, are received into light
emitter 1015. In light emitter 1015, first light .1 and secon
light .2 are refracted 1n the direction intersecting with the
longitudinal direction of light guide member 101. Plant 103
1s 1irradiated with first light .1 and second light .2 through
the end portion of light source 100-1 and the end portion of
second light source 100-2, from third facing surface 101c
which faces the upper portion of the end portion of first light
source 100-1 and the upper portion of the end portion of
second light source 100-2. Light emitter 1015 may be
configured to have a length such that a whole of gap 131
between two first light source 100-1 and second light source
100-2 1s irradiated. Alternatively, light emitter 1015 may be
provided such that light emitter 1015 passes through a lower
side of gap 131, and light emitter 1015 projects to be hanged
immediately above plant 103. Here, gap 131 1s not a light
source, but an example of a non-light emitting portion which
does not emit the light.

As an example, 1n first light receiver 111 and second light
receiver 112, the light quantity 1n each center portion of first
light source 100-1 and second light source 100-2 1s large,




US 10,750,673 B2

7

and the light quantity becomes smaller as being closer to the
tip portion, as viewed from above 1n the rectangular paral-
lelepiped of the cultivation space. In order to guide the light
of the center portion as much as possible, first light receiver
111 and second light receiver 112 have features to be formed
into a tapered shape such that areas of first light recerver 111
and second light receiver 112 in the center portion of the
light source are large, and the areas of first light receiver 111
and second light receiver 112 become gradually smaller to
the tip portion of the light source. That 1s, first light receiver
111 or second light receiver 112 has a substantial 1sosceles
triangle shape which is tapered toward a side of light ematter
1015.

According to the configuration of Exemplary Embodi-

ment 1, first light .1 and second light 1.2 which are emitted
upwards from i1lluminator 100 are guided from the center
portions of first light source 100-1 and second light source
100-2 of 1lluminator 100 to the vicinity of gap 131 1n the tip
portions thereof by light gmide member 101, whereby, 1t 1s
possible to improve a lack of the light quantity in the vicinity
of gap 131 of illuminator 100. In particular, as first light
receiver 111 and second light receiver 112, a light reception
area 1s made large 1n the 1llumination center portion of which
the light quantity 1s large, whereby, first light .1 and second
light 1.2 are largely received, and the light reception area 1s
made small 1n the i1llumination tip portion of which the light
quantity 1s small to make light gmider 101a large, whereby,
it 1s possible to emit the light from light emitter 1015. By
such a configuration, it 1s possible to homogenize light
quantity distribution from the center portion to the vicinity
of the tip portion. According to the configuration described
above, 1t 1s possible to improve a weight lack and succulent
growth of plant 103 due to the lack of the light quantity 1n
a portion of gap 131 between the light sources which are
adjacent to each other 1n particular. As a result, it 1s possible
to reduce variations in harvest weight.
In the configuration of the related art in which there 1s no
light guide member 101, 1t 1s not possible to eflectively
utilize the light which 1s emitted toward an upper side of the
fluorescent lamp for the growth of plant 103. However, 1n
Exemplary Embodiment 1, the light which 1s emitted toward
the upper side of the fluorescent lamp 1s guided to the tip
portion side, and plant 103 is irradiated with the light,
whereby, 1t 1s possible to cultivate the plant with higher
ciliciency.

Table 3 1llustrates results obtained by measuring the light
quantity at the time of harvest when the measurement was
performed under the same measurement conditions as in
Table 1 and 1n Table 2 with the configuration of the related
art except that light guide member 101 was nstalled.

TABLE 3

Integrated light

Light quantity at  Light quantity at quantity at
illumination illumination tip  illumination tip
center portion portion portion/day
At the time 100 101 100
of harvest

In Table 3, 1t 1s possible to confirm that the light quantity
of the illumination center portion and the light quantity of
the 1llumination tip portion are substantially the same, and it

1s possible to realize a more homogenous light quantity
environment.

Embodiment 2

Exemplary

Exemplary Embodiment 2 1s a case where a light emitting,
diode (LED) 1s used for illuminator 100, differently from the
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fluorescent lamp of Exemplary Embodiment 1. There 1s no
clectrode portion mm an LED illumination, and the light
quantity 1s not lowered 1n the 1llumination tip portion unlike
in the fluorescent lamp.

However, a problem 1n that a light quantum flux density
of a portion of gap 132 (see FIG. 4B and FIG. 4D) between
the LED illuminations becomes small which 1s generated
when the LED illumination 1s attached to the illumination
tool, 1s not solved even 1n a case where the LED illumination
1s used 1n replacement of the fluorescent lamp. Since the
LED illumination has directivity in general, 1t 1s possible to
irradiate only a cultivation surface of plant 103 with the
light. Therefore, 1t 1s not possible to use light for the
cultivation by guiding the light which 1s emitted upwards,
without directly irradiating plant 103, in the same manner as
Exemplary Embodiment 1. The portion of gap 132 1s another
example of the non-light emitting portion.

In order to solve the problems described above, light
guide member 200 illustrated in FIG. 4A to FIG. 4D 1s used.
FIG. 4A 15 a schematic plan view of light gumide member 200
in a plant cultivation apparatus according to Exemplary
Embodiment 2. FIG. 4B 1s a schematic side view of light
guide member 200. FIG. 4C 1s a sectional side view of the
LED in the longitudinal direction in order to describe a
disposition relationship between light guide member 200,
and LED 100-3 and LED 100-4. FIG. 4D 1s a sectional side
view of a semi-cylinder shape in a direction orthogonal to an
axis 1n order to describe a principle of light guide by light
guide member 200. However, a portion of oblique lines 1n
FIG. 4A 1s not cross-hatching, but i1s assigned in order to
discriminate the light ematter, the light receiver, and the light
guider.

In FIG. 4A to FIG. 4D, in Exemplary Embodiment 2, the
light source of illuminator 100 1s a straight tube type LED,
and third light source 100-3 and fourth light source 100-4 are
arranged to be adjacent to each other 1n series, and the end
portion of third light source 100-3 and the end portion of
fourth light source 100-4 are disposed to be close to each
other. Socket 1004, which 1s used in order to be attached to
the 1llumination tool, 1s fixed to each of both end portions of
third light source 100-3 and fourth light source 100-4.

In this manner, 1n a case where the light sources are third
light source 100-3 and fourth light source 100-4 of the
LEDs, light guide member 200 1s disposed as follows. For
example, light guide member 200 1s formed of a transparent
member of a semi-cylinder shape which has an axial direc-
tion 1n a direction intersecting with (for example, a direction
orthogonal to) the longitudinal direction of third light source
100-3 and fourth light source 100-4, and projects down-
wards. Light guide member 200 1s disposed to straddle, and
to cover a lower side of the end portion of third light source
100-3 and a lower side of the end portion of fourth light
source 100-4.

Light guide member 200 includes third light recerver 211,
fourth light receiver 212, light emitter 200¢, and light guider
2004d. For example, light guide member 200 1s configured to
be integral by a transparent resin having light-transmitting
properties such as an acrylic resin.

Each of third light receiver 211 and fourth light receiver
212 1s formed of a prism. Third light receiver 211 and fourth
light recerver 212 are respectively formed into a C shape and
disposed at edge portions of rectangle-shaped openings 200q
and 2006 which are provided 1n pairs and formed at an
interval 1 upper end portions on both sides 1n a circumfier-
ential direction of the semi-cylinder shape. In a case where
third light source 100-3 and fourth light source 100-4 emait
the light only downwards, third light recerver 211 and fourth
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light receiver 212 may be disposed 1n a board shape only on
lower surface sides of third light source 100-3 and fourth
light source 100-4. In the end portion of third light source
100-3, third light .3 which 1s emitted downwards from third
light source 100-3 1s received into third light recerver 211 1n
the direction (1in other words, the circumiferential direction of
the semi-cylinder shape) itersecting with the longitudinal
direction of light guide member 200. In third light receiver
211, received third light L3 1s refracted, 1s output toward
light emitter 200¢ along the longitudinal direction of light
guide member 200, and 1s sent to light emitter 200c.

In the same manner, at the end portion of fourth light
source 100-4, fourth light L4 which 1s emitted downwards
from fourth light source 100-4 1s receirved 1nto fourth light
receiver 212 i the direction (that 1s, the circumierential
direction of the semi-cylinder shape) intersecting with the
longitudinal direction of light guide member 200. In fourth
light recerver 212, recerved fourth light 14 1s refracted, 1s
output toward light emitter 200c along the longitudinal
direction of light gmide member 200, and 1s sent to light
emitter 200c.

Light guider 2004 1s formed of a transparent portion of the
semi-cylinder shape which 1s bent, as a middle portion
between the upper end portion and the lower end portion of
the semi-cylinder shapes, and guides third light L3 and
fourth light L4 which are respectively received from third
light recerver 211 and fourth light receiver 212 toward light
emitter 200c.

Light emitter 200¢ 1s disposed 1n the lower end portion at

the middle between the upper end portions of the semi-
cylinder shape to be extended in an axial direction of a
cylinder shape. Light emitter 200c¢ 1s disposed at the center
of light guide member 200, and 1s positioned below the
portion of gap 132 between one end portion of third light
source 100-3 and one end portion of fourth light source
100-4. Light emitter 200¢ has fourth facing surface 200e on
a lower surface thereof. Third light .3 and fourth light 1.4
which are transmitted through light guider 2004 after being
respectively recerved from third light receiver 211 and
fourth light receiver 212, and being refracted, are received
into light emitter 200c. In light emitter 200¢, third light L3
and fourth light L4 are refracted in the direction intersecting
with the longitudinal direction of light guide member 200,
and plant 103 1s wrradiated with the light from fourth facing
surface 200e of light emitter 200c.
In a case where illuminator 100 1s the fluorescent lamp,
light guide member 200 may be applied thereto. That 1is,
light guide member 200 1s formed 1n the semi-cylinder shape
which has the axial direction in the direction intersecting,
with the longitudinal direction of the light source and
projects downwards, and 1s disposed to cover the lower side
of the end portion of the first light source and the lower side
of the end portion of the second light source.

Here, light guide member 200 1s designed not to interfere
with each of sockets 1004d. For example, 1n a case where the
portion of gap 132 between the end portions 1s 100 mm 1n
length, and socket 1004 1s 30 mm 1n length, radius R on an
inside of the semi-cylinder shape 1s set to be 100 mm,
whereby, light guide member 200 of the semi-cylinder shape
1s configured not to be 1n contact with each of sockets 1004d.

A diameter varies depending on the shape of the LED, but
the diameter of the generally used LED 1s 30 mm. Therefore,
third light receiver 211 and fourth light receiver 212 are
disposed at edge portions of openings 200a and 2005 having
a size such that the LEDs are capable of engaging the
openings. It 1s desirable that a leakage of the light is
prevented by a configuration such that an LED engages the
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opening with a gap as small as possible, for example, of 1
mm, between opening 200a or 20056 and the outer surface of
third light source 100-3 or fourth light source 100-4.

It 1s desirable that light guide member 200 1s disposed so
that 1lluminator 100 1s not 1n contact with third light recerver
211 and fourth light receiver 212. In light guide member
200, third light L3 and fourth light .4 which are collected
by third light receiver 211 and fourth light receiver 212 are
guided by light gmder 200d4. From fourth facing surface
200¢ of light emitter 200¢, plant 203 which 1s planted below
the surface 1s wrradiated with the light.

According to the configuration of Exemplary Embodi-
ment 2, light .3 and light .4 which are emitted immediately
below from 1lluminator 100 are guided to the portion of gap
132 between the end portions of third light source 100-3 and
fourth light source 100-4 by light guide member 200,
whereby, 1t 1s possible to improve the lack of the light
quantity in the portion of gap 132 of illuminator 100. By
such a configuration, 1t 1s possible to homogenize the light
quantity distribution from the center portion to the vicinity
of the end portion. According to the configuration described
above, 1t 1s possible to improve the weight lack and the
succulent growth of plant 103 due to the lack of the light
quantity in the portion of gap 132 between the light sources
which are adjacent to each other. As a result, it 1s possible to
reduce the variations in harvest weight.

Any exemplary embodiments or modification examples
are appropriately combined 1n various exemplary embodi-
ments or modification examples described above, whereby,
it 1s possible to achieve the eflects which are included 1n
cach. Moreover, it 1s possible to combine the exemplary
embodiments with each other, it 1s possible to combine the
examples with each other, or it 1s possible to combine the
exemplary embodiments and the examples with each other.
It 1s possible to combine the features with each other, in the
exemplary embodiments or the examples which are different
from each other.

As described above, according to the aspects of the
present disclosure, 1t 1s possible to homogenize the light
quantity distribution by guiding the light to the region of
which the light quantity 1s small from the region of which
the light quantity from the light source 1s large, with the light
guide member.

The plant cultivation apparatus according to the present
disclosure 1s capable of homogenizing vegetables to be
cultivated, and cultivating the vegetables with a small cul-
tivation loss, by homogenizing the cultivation environment
at a low cost 1n a plant factory.

What 1s claimed 1s:

1. An illumination apparatus, comprising:

a first light source configured to emait first light;

a second light source configured to emit second light, the
first light source and the second light source being
arranged substantially linearly; and

a light guide member apart from both the first light source
and the second light source, the light guide member
including;:

a first light receiving portion configured to receive the
first light;
a second light receiving portion configured to receive
the second light; and
a light emitting portion between the first light receiving
portion and the second light receiving portion,
wherein the first light receiving portion 1s configured to
refract the first light toward the light emitting portion,
the second light receiving portion 1s configured to refract
the second light toward the light emitting portion,
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the light emitting portion 1s configured to refract the first
light and the second light toward a space between the
first light source and the second light source, and

cach of the first light receiving portion and the second
light receirving portion includes two prisms configured
to refract light.

2. The illumination apparatus according to claim 1,
wherein each of the first light source and the second light
source includes a fluorescent lamp.

3. The illumination apparatus according to claim 1,
wherein the light guide member 1s parallel with both the first
light source and the second light source.

4. The illumination apparatus according to claim 1,
wherein the light guide member has a board shape.

5. The illumination apparatus according to claim 1,
wherein the light guide member further includes:

a first light guiding portion optically connecting the first
light recerving portion and the light emitting portion;
and

a second light gmding portion optically connecting the
second light receiving portion and the light emitting
portion.

6. The illumination apparatus according to claim 1,
wherein a width of the light emitting portion 1s larger than
a width of each of the first light receiving portion and the
second light receiving portion.

7. The illumination apparatus according to claim 1,
wherein

the first light source and the second light source are
spaced apart, with the space being between the first
light source and the second light source, and

end portions of the first light source and the second light
source adjacent the space are not configured to emit
light.

8. The illumination apparatus according to claim 1,

wherein each of the first light recerving portion and the
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second light receiving portion includes a tapered shape, with
the tapered shape becoming smaller toward the light emait-
ting portion.

9. The illumination apparatus according to claim 1,
wherein at least one of the two prisms has a triangular shape.

10. The i1llumination apparatus according to claim 7,
wherein the at least one of the two prisms 1s configured such
that the tnnangular shape tapers toward the light emitting
portion.

11. A system for cultivating plants, comprising:

the 1llumination apparatus according to claim 1; and

a plate configured to support plants to be cultivated.

12. The system according to claim 11, wherein the light
emitting portion 1s configured to refract the first light and the
second light towards an area of the plate facing the space
between the first light source and the second light source.

13. The i1llumination apparatus according to claim 1,
wherein each of the two prisms has a triangular shape.

14. The illumination apparatus according to claim 13,
wherein each of the two prisms 1s configured such that the
triangular shape tapers toward the light emitting portion.

15. The illumination apparatus according to claim 14,
wherein a side surface of a first of the two prisms 1s parallel
with a side surface of a second of the two prisms.

16. The illumination apparatus according to claim 1,
wherein the light emitting portion of the light guide member
1s apart from and aligned with the space between the first
light source and the second light source.

17. The 1llumination apparatus according to claim 16,
wherein a length of the light emitting portion of the light
guide member 1s greater than a distance between the first
light source and the second light source.

18. The illumination apparatus according to claim 17,
wherein the length of the light emitting portion of the light
guide member 1s less than a distance between the first light
source and the second light source.
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